Wire coating process finds its applications and importance in various fields of engineering as it provides insulation and mechanical strength. In this paper we have studied the post treatment analysis of wire coating with linearly varying temperature. In our study we have considered the power law fluid model as the coating wire satisfies this model. Exact solution for flow and heat transfer are studied and presented graphically. The heat transfer results are presented for different cases of linearly varying on the boundaries.
Introduction
Application of wire coating process can be found in lots of engineering devices for the purpose of generating high and low voltage, protection of humans, and processing signals such as cable and telephone wires and in chemical process in which different types of polymer are used. The coating of the metallic wire depends on the geometry of the die, the viscosity of the fluid, the temperature of the wire and the polymer used in the process of coating. There are three different methods which are mostly used for this coating process. These methods are coaxial extrusion, dipping and electrostatic deposition process. The first two processes can be reasonably fast but bonding between the continuum and the coating material is not so strong. The third process offers much stronger bonding but is relatively slow. If the coating material can be forced onto the continuum uniformly the bonding can be improved significantly. Many authors have studied the wire coating phenomena.
Han and Rao analyzed the problem of wire coating extrusion both experimentally and theoretically, utilizing a pressure-type die. Siddiqui et al. studied the wire coating extrusion inside a pressuretype die with the flow of third grade fluid using homotopy perturbation method (HPM). Sajjid et al. discussed the wire coating with Oldroyd 8-constant fluid using the Homotopy Analyses Method (HAM). Shah et al. analyzed the isothermal flows of unsteady second grade fluid inside wire coating die with oscillating boundary conditions, using the Optimal Homotopy Asymptotic Method (OHAM). Shah et al. extended the idea in the straight annular die, and obtained the exact solution by the method of separation of variables. Hydrodynamic wire coating with Nylon-6 using a tapered bore pressure unit has been presented by Caswell, Tanner, Tucker, Zhang, Moallemi, Kumar. Coextrusion method for coating has been studied theoretically and experimentally by Nakazawa, Pittman and Mirnov.
The extrusion process has a standard setup including a feeding section, a barrel and a head with a die for shaping. In the feeding section, the solid polymer is fed into the extruder through a hopper in the form of pellets or irregular small bits. Then, the polymer is transported along the barrel by means of a rotating screw. The barrel wall is equipped with a number of electric heaters which melt the polymer. The material is melted and pushed towards the die where the extruded final product is shaped and expelled. During the process, the polymer undergoes very complex thermo-mechanical transformations inducing strong changes in the physical properties of the material. Ming-Der Jean et al. .
Simulation of wire coating problem is a way to deal with real problems especially for difficulties that might be encountered experimentally in extrusion processes of polymeric solutions. The technique can have vast applications in the industry of wires, cables, fiber optics and numerous types and sizes of containers that are widely used in houses, factories and vehicles around the world. In general, wire coating process modeling consists of two particular dies: pressure tooling within which the wire coating process begins coating the die cast, and tube tooling in which wire is coated by polymer melt outside the die. For the second die, the location where the polymer melt flows to contact the wire at the beginning of coating is called the contraction point. The factors influential to the contraction point are pressure, velocity, viscosity, surface tension of polymer melt, and wire speed. These are considered under the following assumptions: incompressible, laminar, isothermal flow and no gravity. In addition, surface tension has been considered in extrudate swell with no slip condition at die wall.
Computational studies for wire coating flows are abound in literature with industry-related concerns. For two dimensional axisymmetric incompressible fluid employing finite element method (FEM) under isothermal condition, Mitsoulis simulated the creeping flow of Newtonian and Power law fluid for wire coating problem in axisymmetric system. Binding et al. studied high speed wire coating process for inelastic constitutive model. They varied viscosity models and commented on the limitation of modeling approach. Then, Mutlu et al. employed tube-tooling die for coating problem. In their work, viscoelastic coating flows were simulated and solved by FEM technique for the PTT model due to the past work of Ngamaramaramvaranggul and Webster made us know that PTT model can be fit well for viscoelastic fluid better than other models because it can be predict the properties of high elastics for comparison curve shown in Tanner's book. Stability was attained by mean of coupled and decoupled schemes for single mode. Recently, Matallah et al. considered with tube-tooling wire coating flow for HDPE applying FEM technique for the multi-mode Phan-Thien/Tanner (PTT) constitutive model. In another research, Ngamaramvaranggul and Webster have focused on wire coating problem for LDPE. They publish a paper of two dimensional annular pressure-tooling wire coating flow using FEM to solve an isothermal and free surface flow for single-mode PTT model. Very recently, Chatterjee simulated the computational investigation of transport processes during high energy materials processing application using a hybrid lattice boltzmann model.
In the present study, the post treatment analysis of wire coating with linearly varying temperature has been discussed. The exact solution for flow and heat transfer is studied for the considered power law fluid model.
Formulation of the Problem
The governing equations for an incompressible fluid with thermal effects are:
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where u is the velocity vector,  is the constant density, f the body force, T is the Cauchy stress tensor, D/Dt denote the material derivative,  is the fluid temperature, k is the thermal conductivity, p C is the specific heat and L is the gradient of velocity vector u .
The Cauchy stress tensor T is defined as
In which p is the pressure, I is the identity tensor and S is the extra stress tensor. For power law fluid model S is defined as
where ( In wire coating process, the quality of the polymer and wire drawing velocity are important within the die. After leaving the die the temperature and the shape of the trans-verse sectioning is also very important. Consider the flow of the polymer extrudate given in Fig. 1 , denoted by the solid line. To analyze the flow behavior of a polymer used in wire coating, it is convenient to divide the flow transversely into many short sections as shown by broken lines in Fig. 1 with the assumption that each section has almost the same shape, we analyze only one section because each section can be assumed to be approximately of the shape shown in Fig. 2 and readily analyzable. let us consider no slippage occurs along the contacting surfaces of the wire, polymer and the gas. Also assume that the flow is steady, laminar, unidirectional and axisymmetric:
We seek the velocity of the form
Then the boundary conditions for the problem become
In the flow through the tube, the scalar invariant is
Substituting equation (9) into (6), one obtain
Using the velocity field (7), the continuity equation (1) is satisfied identically and the nonzero components of equation (5) 
Substituting the velocity field and equation (11) in the momentum equation (2) neglecting the body force takes the form:
If the z-axis chosen correspond to the direction of increasing pressure, polymer (II) moves in the negative direction of the z-axis and the shear rate Therefore, the absolute value of equation (5) 
For linearly varying temperature, consider
where  is the temperature gradient.
Substituting equation (17) into equation (16), we have
The velocity field is determined from equation (15) 
The thickness of the coated wire is obtained from equation (16) and (17) 
The solution to equation (25) corresponding to the boundary conditions given in equation (26) 
After transformation, we obtain Under the above consideration, equation (17) gives
After transformation, we obtain (Fig.6) . It is also observed that the thickness of coated wire decreases with increase in  for 1 n  . Fig.8 exhibits the volume flow rate for different values of n . Here also we see an interesting fact that for n <1(pseudoplastic) increase in n increases the volume flow rate but for n >1(dilatant) there is a back flow.
Figs. 9-11 exhibit the temperature profile for different parameters. Here it is assumed that temperature of wire is constant and it is linearly varying at the surface of coated wire. It is observed that temperature decreases with increase in , and S H n . Figs.12-14 reveal the temperature profile of various values of , and S J n . Here the temperature of the wire is assumed to be constant and it is considered to be linearly varying at the surface of coated wire. It is observed that increase in J increases the temperature but reverse effect is encountered in case of and Sn i.e. temperature profile decreases with the increase in S and the power law index n . 
Conclusion
 Velocity increases with increase in the power law index n .  Increase in velocity ratio increases the velocity at the boundary but decreases away from it.  The force on the coated wire also decreases with increase in power law index.  For 1 n  (pseudoplastic fluid), the volume flow rate increases with increase in n but it decreases for 1 n  (dilatant fluid).
 Temperature decreases with increase in
, and S H n but increases with increase in J . 
